Streptococcus mutans 10449, grown in chemically defined culture medium, was tested for its ability to bind 3H-labeled Todd-Hewitt broth components (>12,000 Mr). Maximum adsorption of radioactivity occurred within 5 min at room temperature, and cell-bound material was not completely removed by extended washing with buffer. Heat-killed, arsenate-inhibited, and viable bacteria bound similar quantities. Only 0.09% of the radioactivity in the preparation of high Mr Todd-Hewitt broth components was removed by absorption with excess numbers of S. mutans 10449 cells. Binding followed saturation kinetics and was competitively inhibited by unlabeled medium components, both the dialyzable and nondialyzable fractions. Other oral streptococci were also found to bind these complex medium components. Rabbit antiserum elicited to the high-molecularweight Todd-Hewitt broth components reacted with monkey cardiac muscle and with S. mutans coated with medium components. Absorption of the anti-ToddHewitt broth serum with homogenized heart removed antibodies that reacted with Todd-Hewitt broth-coated S. mutans. Therefore, the tissue-specific antigens of this beef heart infusion medium that adsorb to S. mutans can interfere with the detection and characterization of antigens shared by these bacteria and animal tissues.
Streptococcus mutans (5, 13, 23) and Streptococcus pyogenes (15, 18, 25) have been reported to share antigens with human and monkey cardiac muscle. The bacteria used for animal immunization in these studies were in most cases grown in Todd-Hewitt broth, a culture medium containing an infusion of bovine heart, or tryptic soy broth, a tryptic digest of milk proteins. Because surface components of streptococci have recently been found to bind components of mammalian tissues (1, 6, 7, 8, 17) , these bacterial vaccines may have contained cell-bound bovine tissue antigens or haptens or both. The immune response to bacteria grown in these complex culture media may be directed to these absorbed antigens as well as to bacterial antigens. In this communication, we define the abilities of streptococci to bind radiolabeled Todd-Hewitt broth components and describe their subsequent reactivities with selected antisera.
MATERIALS AND METHODS
Bacteria and culture conditions. The bacteria listed in Table 1 were grown statically at 37°C in ToddHewitt broth (Difco Laboratories, Detroit, Mich.) or in a chemically defined medium (24) . Culture turbidity was measured at 600 nm with a Spectronic 20 colorimeter (Bausch & Lomb, Inc., Rochester, N.Y.). Bacteria were harvested by centrifugation after 16 h (early stationary growth) and washed three times with 10 mM Na2HPO4-NaH2PO4 buffer (pH7.2) containing 150 mM NaCl (phosphate-buffered saline) at 4°C.
Isolation of culture medium components. ToddHewitt broth was reconstituted to a 10% (wt/wt) solution, and 100 ml was dialyzed against distilled water at 4°C to remove small-molecular-weight constituents. Chloroform (0.5 ml) was added to the contents of the dialysis sac (Union Carbide Corp., Chicago, Ill.) to prevent bacterial growth; the 2-liter dialysis bath was changed twice daily. After 72 h, the retentate, containing substances larger than 12,000 molecular weight, was collected and lyophilized. This material was designated as the high-molecular-weight fraction.
Todd-Hewitt broth components of intermediate size (2,000 to 12,000 Mr) were prepared in a similar manner. Small-molecular-weight constituents (<2,000) were first removed by dialysis through Spectrapor 6 membrane tubing (Spectrum Medical Industries, Los Angeles, Calif.). The retentate, containing substances larger than 2,000 Mr, was then transferred to membrane tubing with a molecular weight cutoff of 10,000 to 12,000 and dialyzed against 1 liter of distilled water for 36 h. The dialysate, containing substances of 2,000 to 12,000 Mr, was collected and lyophilized. This material was designated as the low-molecular-weight fraction.
The isolated Todd-Hewitt broth components (20) . The final preparation had a specific radioactivity of 1.75 x 107 cpm/ mg (dry weight) or 1.95 x 107 cpm/mg of protein.
Immunization. Todd-Hewitt Broth components (>12,000 Mr) were dissolved in phosphate-buffered saline at 50 mg (dry weight)/ml and emulsified with an equal volume of complete or incomplete Freund adjuvant (GIBCO Laboratories, Grand Island, N.Y.). White New Zealand rabbits received weekly intradermal injections with 0.1 ml of vaccine containing complete Freund adjuvant for the first 3 weeks. Subsequent weekly injections were of vaccine containing incomplete adjuvant. Immunization continued for 4 to 6 months until maximal antibody response was achieved.
Serological assays. The reactivities of selected rabbit sera for Todd-Hewitt broth-coated S. mutans were determined by the binding of 125I-labeled protein A. Bacteria were suspended at 10'0/ml in phosphatebuffered saline containing 2% bovine serum albumin. An equal volume of serum or phosphate-buffered saline was added, and the suspension was incubated at 37°C for 30 min. The bacteria were than washed three times with phosphate-buffered saline and resuspended to the original concentration in 2% bovine serum albumin. An equal volume of 125I-protein A solution (47 ng; 1.8 x 10'0 cpm/mg) was added, and the mixture was incubated at room temperature for 30 min. The bacteria were collected by centrifugation and washed five times with phosphate-buffered saline before counting radioactivity in a gamma counter (Beckman Instruments, Inc., Berkeley, Calif.).
Reactivities of anti-Todd-Hewitt broth sera were also determined by tanned cell hemagglutination assay (12) . Tanned sheep erythrocytes (2.5% suspension)
were sensitized with 25 mg of Todd-Hewitt broth components per ml. Anti-Todd-Hewitt broth sera had hemagglutination titers of 80 to 320.
Rabbit sera were titrated by indirect. immunofluorescence assays on 4-,um-thick cryostat-cut sections of Cynmologus monkey (Macaca fasicularis) cardiac muscle as previously described (20) .
For serum absorption, 0.5 ml of diluted serum (1:2.5) was incubated with an equal volume of homogenized monkey heart (10 mg of protein per ml) or phosphate-buffered saline for 2 h at room temperature. The serum was then centrifuged at 12,000 x g for 30 min.
Binding assay. The binding of radiolabeled ToddHewitt broth components to chemically defined medium-grown streptococci was determined by using a centrifugation assay. The assay mixture contained bacteria, Todd-Hewitt broth components, and phosphate-buffered saline in a total volume of 250 1d. Generally, the mixtures were incubated for 5 min at room temperature, followed by centrifugation at 10,000 x g for 5 min. The cell pellets were washed three times with phosphate-buffered saline and quantitatively transferred to 7-ml scintillation vials. Radioactivity was counted in a Nuclear Chicago Mark II scintillation spectrometer.
Other assays. Phosphate was determined by the procedure of Eibl and Lands (4) after hydrolysis of organic phosphate by the method of Bartlett (2) . Total carbohydrate was determined by the phenol-sulfuric acid method of Dubois et al. (3) . Protein was measured by the method of Hartree (11), with bovine serum albumin as a standard. Dry weight was determined on preparations which were dialyzed against distilled water and lyophilized.
RESULTS
Binding of 3H-labeled Todd-Hewitt broth components by S. mutans 10449 is shown in tional to the number of bacteria in the reaction mixture. Moreover, the binding sites on the bacteria were readily saturated with culture medium components. Preliminary experiments also showed that binding was completed within 5 min at room temperature and that similar quantities of Todd-Hewitt broth components were bound by S. mutans at 4, 22, and 370C (data not shown). Bacteria killed by heating at 60°C for 30 min or by preincubation in 10 mM sodium arsenate bound medium components as well as viable cells, indicating that the acquisition of radiolabel was not the result of active transport and subsequent assimilation. These treatments completely eliminated the ability of S. mutans to take up [14C]glucose.
The quantities of radiolabeled medium components bound by S. mutans 10449 indicated that the bacterial surface components had selective binding activities (Fig. 2) . A maximum of 0.09% of the available radiolabel was removed from the reaction mixture by excess numbers of bacteria (2.5 x 109).
To determine the specificity of the binding interactions, non-radiolabeled Todd-Hewitt broth components were tested for their ability to competitively inhibit the binding of 3H-labeled medium components (Table 2 ). Both the highand low-molecular-weight components were effective competitors; for example, binding of radiolabeled components was inhibited 73 and 78%, respectively, by a 100-fold excess of inhibitor. Unlabeled Todd-Hewitt broth components (200 p.g/ml) were also found to competitively desorb 75% of the radiolabeled components from S. mutans 10449 cell surfaces in 18 h at 40C.
For immunological studies, streptococci have been routinely washed in buffered saline to remove traces of culture medium components. This practice, however, did not completely remove radiolabeled Todd-Hewitt broth components from S. mutans 10449 (Table 3) . After eight washings, the bacteria retained 12 to 16% of the initial bound radioactivity. The elution was not significantly enhanced by the addition of nonionic detergents in the saline solution.
A selection of streptococci were tested for their abilities to bind the radiolabeled culture medium components (Table 1 ). The quantities of bound radioactivity were similar to that obtained with S. mutans 10449.
The presence of Todd-Hewitt broth components on the surface of S. mutans 10449 cells was also detected serologically. The reactivities of untreated (native) and culture medium-coated bacteria with an antiserum elicited to high-molecular-weight Todd-Hewitt broth components are summarized in Table 4 . Bacteria coated with Todd-Hewitt broth components bound more antibodies (7,170 cpm) than native bacteria. Some of the cell-bound medium components appeared to be heart antigens because absorption of the serum with homogenized monkey heart resulted in a 4,252-cpm reduction with Todd-Hewitt broth-coated cells and only 1,184 cpm with native cells. Indirect immunofluorescence and agglutination assays did not detect cell-bound medium components. This was probably due to the relatively low sensitivities of the latter assays but could also reflect the location of the cell-bound antigen. Antigen(s) bound within the cell wall matrix or to surface components of the cytoplasmic membrane would not be expected to promote cell agglutination.
The reactivity of anti-Todd-Hewitt broth serum with monkey cardiac muscle was also revealed by indirect immunofluorescence (Fig. 3) . The cross-striations of muscle fibers were stained by the immune serum but not by serum obtained from the rabbit before immunization. DISCUSSION The adsorption of Todd-Hewitt broth components to S. mutans cell surfaces appeared to involve specific binding interactions. The binding event was highly selective and showed saturability. Unlabeled medium components competitively inhibited the binding of radiolabeled components and were able to dissociate preexisting complexes. Similar binding interactions have been detected between S. mutans and components of human saliva (7, 16, 21, 22) and are presumed to participate in the colonization of tooth surfaces by these bacteria. S. mutans has also been reported to adsorb constituents of Trypticase soy broth (BBL Microbiology Systems, Cockeysville, Md.) (6, 16) .
In many studies concerned with antigens shared by streptococci and human tissue, the bacteria were grown in a dialysate of ToddHewitt broth (13, 18, 23, 25) . The risk of tissue antigens contaminating bacterial vaccines is presumably reduced under these conditions because the dialysate medium is relatively free of constituents larger than 10,000 Mr. In the present study, dialyzable Todd-Hewitt broth components were found to compete with the highmolecular-weight components (> 12,000) for the binding factors on the surface of S. mutans cells. This observation indicates that tissue-derived substances may also bind to bacteria during cultivation in dialysate medium. Although the size of these dialyzable components indicates that they may be poor immunogens when in solution, their adsorption to streptococcal cell wall components may greatly enhance their ability to stimulate antibody production in a manner analogous to a hapten conjugated to a carrier protein. The serological cross-reactivity of the adsorbed Todd-Hewitt broth components and monkey cardiac muscle clearly indicates that immunization with streptococci containing bound medium components could result in the production of heart-reactive antibodies. These antibodies could appear to cross-react with isolated cell walls and membranes as well as intact streptococci, depending on the location of the bound tissue contaminant. Although the actual contribution of these medium components in the immune response to streptococci remains to be defined, the observations described here indicate that when complex culture media are used for the cultivation of bacteria, considerable caution must be used in the interpretation of serological data concerning shared antigens.
Other investigators have also considered the possibility that Todd-Hewitt broth components could influence the antibody response to streptococci. Van de Rijn et al. (23) made several unsuccessful attempts to absorb heart-reactive antibodies from anti-S. mutans sera with crude Todd-Hewitt preparations (23) . The failure to In view of these observations, it is tempting to consider the exclusive use of chemically defined media for the cultivation of streptococci. However, complex culture media such as ToddHewitt broth may still be useful and necessary in studies of bacterial physiology and pathogenesis. A number of investigators (9, 10, 14, 19) have shown that cell surface components of streptococci are subject to phenotypic changes. Because the effects of these biochemical changes on the physiological and immunological properties of the bacterium are not understood, it is almost impossible to know which culture medium will produce cells with properties similar to those of bacteria growing in vivo. Therefore, the following criteria are recommended for future studies dealing with bacterial constituents that share antigenic determinants with animal tissue components. Antiserum absorption should be conducted with antigens prepared from bacteria grown on a chemically defined medium and bacteria grown on a complex culture medium. If subsequent serological assays indicate that tissue-reactive antibodies are absorbed only by the latter bacteria, then it is necessary to absorb an aliquot of the antiserum with purified culture medium components. This procedure should distinguish bacterial antigens that are synthesized only under complex nutritional conditions from culture medium antigens that are adsorbed to the cell surface.
